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'ANALYSIS. OF SELECTED AIRCRAFT. DATA .
" FROM NSSP OPERATIONS, 1962 .

Tetsuya Fujita
The University of Chicago
Chicago, Illinois

ABSTRACT

/~\w\th use of photographs taken during the Sprlng 1962 operatxons of the
National Severe Storms Project, preliminary analyses of the. cloud patterns on
both sides of the flight paths. have been made. Since the mosa1c of the cloud -
patterns was photogrammetrlcally synthesized, and the. photographs were taken
from a platform moving with a ground speed of about 250 to 300 m.p.h., they
could be far from synoptic. Nevertheless, they represent fairly well the con-
ditions in the vicinity of ‘the flight path. An attempt was made to compare: .
the Doppler fixes with\the ground positions determined by both visual  and
photogrammetric fixes. e vector differences between these fixes. revealed
that the Doppler fixes dev1ate from the true positions in a non-linear manner
between VOR. stations, thus creating errors in Doppler nav1gat10n which cannot
be corrected by simply ad]ust1ng the aircraft positions at each passage over .
VOR statlons : : :

I. INTRODUCTION

During 1961 NSSP field operations, the author made several flights with.
the Weather Bureau's DC-6B over Kansas and Oklahoma in an attempt to take
cloud photographs, using 35-mm. wide-angle cameras. Photogrammetric analyses
of selected photographs revealed that the positions of the aircraft fixed by
the Doppler navigation system and from aerial photographs are, in some cases,
different by as much as 10 statute miles, even after the flight path was cor-
rected against each passage over a VOR station.

. Some discussion ofAthe navigation errors is thought to be appropriate,
both to draw attention to their existence and to try to appraise their nature.
Errors in navigation fixes have been a serious problem in many different re-
search projects. They have a significant influence on wind computations. In
addition, while the precise position may be relatively unimportant for straight-
line flights in larger-scale phenomena such as in investigations of the jet

. stream, accurate fixes assume overwhelmlng importance when an aircraft obser-,

vation must be positioned with respect to a phenomenon on the scale of a cumu-
lus cloud. For this purpose, experience has suggested that the commercial
Doppler navigator (which was not specifically designed for work involving
numerous turns) is, while extremely useful, not completely adequate for the
task. Until a completely reliable system becomes available (with absolute ac-
curacy within less than a mile), computed fixes can be supplemented by visual
fixes which can then be utilized to correct the cumulative errors.



In an attempt to determine the exact deviation of the Doppler fixes from
the aerial photogrammetric positions, in-flight photographs were taken in 1962
-at more frequent intervals. than in 1961. Mr. T. Ushijima assisted the author
in taking pictures and keeping records of photographic and observational data.
The period of our participation, only about 10 days during the month of May,
was very short; however, six cases involving squall lines, isolated thunder-
storms, and cumulus streets turned out to be excellent for future research.

In view of the fact that many months normally elapse before the recorded
data are completely processed, after making necessary corrections to the pre-
Jliminary printout or to the analog traces, preliminary analysis of the data
‘available immediately after the flight would be of use to the researchers who.
" intend to carry out detailed research in the future. This report, which was
completed within two months after the operation, deals only with the prelimi-
nary results of photogrammetric analyses performed by rather crude methods,
and with information on the accuracy of the Doppler navigation fixes compared
with both visual and photogrammetric positions.

Three cases are presented in this report; however, the photographs and
other data for the following three cases are also on file in the office of
the Mesometeorology Project at the University of Chicago and are available
upon request. '

(1). May 17, 1962 - The author and T. Ushijima flew with a DC-6(40C)
obtaining 34 photographs using a 21-mm. lens and 39 using a 25-mm. lens.
Appearing in these photographs are distant and close-up views of three groups
of thunderstorm cells extending in a horse-shoe shape from west of Dalhart,
Tex., to Clovis, N. M., and a distinct edge of stratocumulus areas extending
north to south half-way between Shamrock, Tex., and Oklahoma City can be -
detected.

(2). May 18, 1962 - Ushijima attempted to make about 15 bosition’fixes«
while flying with DC-6(40C). The total number of photographs taken with a
25-mm. lens is 103 o " 4 o \ : o

"(3). May 21, 1962 - The author photographed 16 frames from B-26 using
-a 21-mm. lens, while Ush1]1ma making S5 vxsual fixes, took 80 photographs
with a 25-mm lens.

2. SOUALL~LINES'0F MAY 22, 1962

The author and C. W. Newton flew with DC-6(39C). - Unfortunately, the °
Doppler nav1gat1on system developed some difficulties and shortly after de-
parting from Bartlesville VOR it failed to function. The flight path presented
‘in, figure 1 was determined with the use of approximately 60 visual fixes ob-
tained by'FuJ1ta'dur1ng the flight. The circles in the figures are those f1xes
W1th thexr t1me g1ven 1n hours (CST), m1nutes, and seconds. : :

- The plane departed from the Oklahoma Clty VOR and cllmbed to 9, 000 ft on
course to Tulsa, Okla. Thereafter the altitude was kept at about 9,000 ft.
until a climb to 18,000 ft. was made while circling over Bartlesville, Okla
Investigation of a squall line extending south- southwest from Kansas City was .
performed from the 18,000-ft. level.
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A total of 185 ‘pictures (21-mm. lens) were taken by the aithor and are

‘listed in table 1 The table includes the frame number, the time of exposure,

and the direction of the pr1nc1pa1 lines. The direction represents the azi-

- muth of picture centers as viewed from the camera. When the direction is

accurate within a possible error of up to 5°, the suffix "due" is used. The
direction such as N 10 W indicates that the principal line is oriented 10°

‘toward the west when measured from true north. True north was used as a ref-

erence for the principal lines throughout. The hours Q3h, 09h, ...., were used
to indicate the relative azimuth of principal lines with respect to the air-
craft, the heading being 12h. This type of azimuth determination is usually
necessary when the flight is made over an undercast area where no ground ref-
erences are available. Typical photographs are shown in figure 2.

Given in table 2 are the v1sua1 fixes, the accuracy of which falls within
1 statute mile. Statute miles, true north, and magnetic north are abbreviated
as SM, N, and N', respectively. These fixes were made by estimating the dis-
tance of the aircraft subpoint with the aid of section lines on the ground
which are usually laid out at about 1 statute mile intervals.

Results of preliminary rectification of these photographs are presented
in figures 3-7. In all figures large areas of convective clouds with their
bases below 10,000 ft. are stippled. Hatched areas represent other clouds,
including anvils, with bases above 10,000 ft. It should be pointed out that
these cloud charts were constructed through a crude photogrammetry, and are
subject to revision when more exact photogrammetrlc analyses are completed in
the future. :

On board. the B-26 piloted by J. Cook, Ushijima took 22 pictures as indi- -
cated in table 3, and obtained the 11 visual fixes listed in table 4. No
charts were prepared at this stage since the B-26 navigation and meteorological
data had not yet been completely processed at the time of preliminary analysis.

Two types of convective systems in lines were documented during these
flights. One was a line (band) of altocumulus castellanus mapped in figure 3,
whose base was at about 16,000 ft. along the western edge, sloping up to
30,000 ft. MSL at the eastern edge where it indicated a cirrostratus appear-
ance. The total width of the band was between 40 and 60 miles. There were
disorganized mammatus and scattered showers along the western edge of the band.
No more than 1/10 coverage of cumulus clouds were in existence beneath the
band of altocumulus castellanus to the south of the 36° parallel. To the
north, however, there was a vast area of stratocumuli extending beneath the
band of altocumulus castellanus forming two distinct layers of convection sep-
arated by clear air.

The second type was a cumulus to cumulonimbus convection (figs. 4-7) in
a long line oriented almost parallel to the above- mentioned high-level con-
vection system. The zone between these two convection lines, separated by
approximately 50 miles, was relatively clear with 1 to. 3 tenths of cumuli
either scattered or in streets. It was possible to completely circumnavigate
an active portion of the squall line once, but due to rapid development of
cells complete circumnavigation became impossible at later times.



As a result of the DC-6 borne Doppler failure, it is rather difficult
to determine the wind field around the squall line. It seems feasible, how-
ever, to obtain the wind fields averaged over the ‘distance between two reliable
visual fixes, utilizing other data recorded on the flight.
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Figure .2.— Typical cloud photographs taken by Fujita with a 35-mm. camera (21-mm. lens) during the 39C
flight on May 22,
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Figure 3.— Altocgrﬁulu's cas:ﬁelbllanl.:vsit_md' altostratus in a wide band, . 1305-1455 CST, May 22, 1962.
Cloud photographs were taken from DC-6(39C).
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B f‘iéufe 4.~ Flight path of DC-6(39C) along.a squall line.in pre-mature stage southwest of Kansas City.
"1500-1600 CST, May 22, 1962.
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Figure 5.— Mature squall line near Kansas City observed from DC-6(39C). No penetration was made in
view of the expected turbulence with possible hail.

1610-1705 CST, May 22, 1962.




10

gt e

37

93 .

o=
>

\\\\\m\\\\\

A hook shaped echo was

v x> \ m
/ 7 \5\\\\\\ \\\ N
SR \x\.«%&\\nw“\\\\sw\w\.\.\wxr
s
2, 2 o e X2 o
L ] [,
R S R IR
77 3.~\\s‘wn-.nu»\\\\\.\wmmwnmm\.u«hf % /
Rl - LS TLA Z \I\] e " -

May 22{"1_9621- '

W sorun

TOPEKA '

1705-1735 CST,

39

Figure 6.— Intense activity nor.theast of Kansas City observed from DC-6(39C).
observed by an‘ airborne radar. : .
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Figure 7.— Southwestern end of a squall line extending from near Kansas City to Tulsa, and the flight
path of DC-6(39C), 1730-1845 CST, May 22, 1962.



Table 1. List of 35-mm. photographs made by the author on board DC-6(39C), May 22, 1962.
Focal length: 21 mm.
Frame Principal Frame Priocipal Frame Principal
No. Time - Line No. Time Line No. Time Lice
65 142355 due S 130 163014 NNW
1. 122600 N 66 143030 NNE 131 163205 N
2 122602 i NE 67 143325 NE 132 163320 N
3 122604 B 68 143624 due N 133 163425 N
4 122608 SE ) 69 143727 N 134 ‘163810 NIOE
5 122610 s 70 143905 due N - 135 164025 © NE
6 130730  SSW 71 143956 NW 136 164605 ESE
7 130948 . SE 72 144032 due W 137 164751 ~ ESE
8 130952 E 73 144135 E 138 164815 ESE
9 131142 SSW 74 144325 SW 139 165059 ESE
0 131404 due S - 75 144344 S 140 165135 SE
11 131652 N 76 144425 SE 141 165440 S
12 131740 SW 77 144500 E 142 165700 .  SSW -
13 . 132000 due S 78 144545 NE 143 170325 WSwW
14 132248 NI1OW 79 144605 N 144 170510 WNW
15 132315 due S 80 145044 NNE 145 170625 ENE
16 132430 due N 81 145628 due E 146 170717 SE
17 132500 due S 82 145903 NNE 147 170802 E10S
18 132616 due S 83 . 150528 due B 148 170850 due B
19 132650 due N 84 151115 SE 149 171120 due E
20 132945 ‘due S 85 151209 due W 150 171315 NNE
21 ° 133008 due N 86 151312 due W 151 171320 NE
22 133038 due N 87 151350 SE 152 171525 N 10E
23 133059 due S 88 151650 NW 153 1171715 NSE"
24 133209 NwW 89 151720 NW 154 171935 NNE
25 133310 due NNW 90 151825 NwW 155 172050 NNE
26 133345 swW 91 152245 WNW 156 172308 NNW
27 - 1333xx S 92 152330 WNW - 187 172751 Wsw
- 28 | 133458 due SSW 93 152603 SE 158 173015 due B
29 133527 due N 94 152745 SW 159 1173540 w
30 . 133618 due S 95 152850 SSW -160 173850 E
31 133741 due N 96 153111 ~ SSW 161 174255 - NW
32 133935 due N 97 153130 SSwW 162 174500 NNW
33 134022 SW " 98 153155 SSE 163 174730 N
34 134118 due N 9 153606 N 164 174859 - NW
35 134318 0%h 100 153650 -+  due N 165 175320 due N
36 134410 due N 101 153735 N 166 175540 NW
37 134430 due SW 102 153807 SE 167 175915 NNW
38. . 134720 . 03h 103 153947 SE 168 180520 N5W
39 134740 0%h 104 154114 SE 169 .180810 ESE
40 135000 03h 105 154225 ENE 170 180955 E10S
41 135028 0%h 106 . 154315 due E 171 . 181206  SB
42 135318 03h 107 154641 ENE 172 182635 SE
43 135347- 0%h 108 154804 ENE 173 182822 SE
44 135448 03h 109 154835 due B 174 182957 due B
45 135625 S 110 154950 due B i75 183234 due SE
‘46 135710 SE . 111 155040 due B 176 183600 ‘NE
47 . 135735 due B 112 155125 due B 177 183603 E
48 135803 due NE 113 155235 WNW' 178 183606 - . SBE
49 135833 .© due NE 114 155605 NNW - 179 183842 due B
50 140124 . 03h 115 155725 NNE 180 183845 due SB
51 140156 0%h 116 155810 SW 181 - 184203 ~ ESE
52 ' 140305 03h 17 155945 due N - - 182 - 184443 SE
753 140410 0% 118 155950 _NE 183 184615  dueSE
“54 7140823  03h 119 160212  NW 184 185015  ‘due SE
55 140900 0%h 120 160343 due W 185 185445 SSB
© 56 141215 03h 121 160430 due SE :
57 141240 0% 122 160820 - ESB .
58 141334 03h 123 161120 NNE
59 141418 NNW 124 161622 due B
60 141530 NW 125 161950 NW
61 141635 ~ NW 126 162015 WSW
62 141851 s - 1127 162330 ESE °
63 142117 E 128" 162606 ‘NW
64 142312 ° dueS 129 162813
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List of visual fixes by Fujita on board DC-6(39C), May 22, 1962. Time is ngen by hour (CST).
minute, and second. .
Time Visual Fixes : TFime ' Visual Fixes
130601 2-1/4 SM E of Y intersectlon. 3 SM SSE of Okarche. | 161305  About 4 SM SE of downtown Kansas City
131106 4 SM N of Kingfisher 161750 1 SM Eof Richarda-Gebaur AP
131247 ~ Cross Cimarron River flow S, 10 SM N 50 B 162723 2 SM W of Drexel
of Kingfisher . : 165245  On highway 4 SM N of MID Condnental
131915 3 SM N of Coyle ) '  w Intl, AP
133415 2 SM NW of downtown Tulsa 170406  Cross river 8 SM N'30 W' of Kansas City VOR
133527 3 SM W'10 S’ of Tulsa VOR ) 171000  South bank of river 7 SM-W'10 N' of Fairfax AP
133855 Cross river flow W, -9 SM E'10 S' of Tulsa VOR 171450 3 SM S, 1 SM W of downtown Kansas City
134145 Directly over Chouteau ) 171715 5-1/2 SM §'35 W' of Blue Springs VOR
135947 5 SM NE of Bentonville i : 172215 - 10 SM S of Odessa
141418 2 SM NE of Miami . 172408  Heading N on 4 lane hlghway
141530 5 SM W of Miami ) .172530  3-1/2 SM NNW of Higginsville
141851 Due W of Afton : . 172900  About 6 SM WNW of Carroliton
142015 On highway 5 SM ESE of Vinita 174100 Cross river 4 SM E, 2-1/2 N of Lexington
143150 1 SM N of Nowata 175200 6-1/2 SM S'10 B’ of Blue Springs VOR )
144200  Cross river flow E, 3SM S of Bartlesville AP 175440 . 8 SM E, 4 SM N of Richards-Gebaur AP’
L 144658  2-1/2 SM N of Dewey - 175730  2-1/2 SM SE of Richards-Gebaur AP
144830  Over Bartlesville VOR ’ 180215 . 4 SM NW of Louisburg
145018  Cross railroad 6 SM W'20 N' of Bartlesville VOR 180700 Cross river 6 SM S of Paola
145330 11 SM W'25 §' of Bartlesvllle VOR 181140  12-1/2SM E, 2 SM N of Garnett
145712 7 SM S of Bartlesville AP - 181450 5 SM SE of Garnett
150000 Cross river flow ESE, 1-1/2 E of N-S highway 181625 '7SM S, 1/2 SM W of Garnett
150125 . 3SM S, 1/2 SM E of Dewey 182315 4 SM S of Iola
150415  Cross railroad 6 SM N'10 W' of Bartlesville VOR . | 182720 2 SM W .of Chanute AP
150500 2-1/2 SM W of Caney 183515  5-1/2 SM NW of Independence
151000 Due W of Neodesha ' ' 183740 3 SM W, 1 SM S of lndependence AP
151518 Due W -of Humboldt . 184340  Over Bartlesville VOR
' 151556  3-1/2 SM NW of Humboldt 184820 1SM S, 4 SM E of Pawhuska
152700 2-1/2 SM NE of Paola 185356 ' Cross river flow E, 3-1/2SM S, 1SM B
153040 5SM W, 2SM N of Olathe AP of Hudson Ranch AP~
154550 3 SM NW of Quenemo ’ 190042  Cross highway 2 SM NNW of Stillwater
160120 1 SM SE of La Cygune 190100 2 SM NW of Sdllwater
160911  Over town 9 SM E, 4 SM N of Richards-Gebaur AP : .
Table 3. List of 35-mm. photographs made by Ushijima on board B-26, May 22, 1962. Focal length: 25.5 mm.
Frame Principal Frame Principal Frame Principal
No. Time Line No. Time Line No. Time Line
1 145613 E 8 160258 SE 16 162536 N
2 145830 SwW 9 161328 S 17 163420 N
3 150027 SW 10 162114 WNW 18 163911 E
4 150401 N 11 162150 WNW 19 164020 E
S 153142 NW 12 162212 WNW 20 165852 SE
6 154437 E 13 162233 WNW 21 165910 SSE
7 155510 E 14 162457 ENE . 22 - 170313 S
.15 162521 ‘ENE
Table 4. List of visual fixes by Ushijima on board B-26, May 2~2. 1962.
Time Visual Fixes Time Visual Fixes

142426 Directly over Cushing
145000 Over Gibson Res.
153330 - Over Chanute VOR
155405 Over Ottawa VOR
160305 3 SM E of Paola
161806 2 SM W of Garnett

164400 20 SM E of Ottawa
164802 1 SM S of Osawatomie
165400 Over Ottawa VOR
171500 Over Fall River Lake
174410 _Over Ponca City
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3. ISOLATED THUNDERSTORMS OF MAY 24, 1962

While flying with the DC-6(39C), the author and Ushijima split respon-
sibilities in data collection. While Ushijima was keeping records of naviga-
tion data, the author photographed 72 pictures as tabulated in table 5. One
of the objectives of this particular flight was to compute vector differences
of Doppler and visual fixes which were learned to be rather large. 74 visual
fixes were made by the author during the 6-hour flight, making it possible to
obtain frequently the actual drift in Doppler positions. Table 6 .indicates
these fixes. Ushijima, who stayed with the navigation instrument throughout
the entire flight, made exact records of Doppler fixes so that they could be
compared with the visual fixes upon termination of the flight.

The result thus obtained by comparing Doppler and visual fixes appears
in figure 8. The actual flight path obtained by a series of visual fixes
(open circles)..is shown in heavy lines. Indicated by filled circles are the
Doppler fixes corresponding to each visual fix.. Vector differences were ob-
tained by subtracting the position vectors of visual fixes from those of
Doppler fixes. Thus ' :

AD = G - D,

where vectors G, . D, and ‘AD represent respectively the visuélly fixed position,
Doppler position, and the vector difference of these positions. An attempt
was made to calculate both x and y components of this vector difference AD.

The_result_of_caleulations, as tabulated in table 7, turned out to be
‘of extreme interest, When the plane departed from the Oklahoma City VOR at
1217 CST, there was no error in the Doppler position. As time went on both
"x and y components of AD varied non-linearly throughout the period of flight,
reaching the maximum error of Ax=430.0 and Ay=-9.4 Statute miles shortly
' before landlng at W1ll Rogers Airport, Oklahoma C1ty

" Presented in f1gure'9'are the changes in t1me-of Ax and Ay, together
with the magnetic heading of DC-6(39C). As a result of possible errors in
‘visual fixes and interpolated Doppler fixes, some scatter of data p01nts is
unavoidable: Nevertheless, the smoothed curves indicate non- 11near variations
which are closely related to the aircraft heading. There were no apparent
~jumps ‘in Ax and Ay during any steep banks. However, their time derivatives
changed appreciably after each turn. a ‘

The cloud system 1nvest1gated on thlS flight was an isolated area of
cumulonimbus convection initiated near We111ngton, Tex. The shadows of the
edge of anvil tops were mapped three times between 1440 and 1740 CST while
flight was made around the storm system. The areas of shadow mapped between
1400 and 1530 CST (fig. 10) indicate the development stage. of the main anvil

.cloud dr1ft1ng out from  -three major cells. A small cumulon1mbus to the north
‘of the major ones was about to form an anv11 top : :

e
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When the second trip around the area of activity was made, the major

"and the new cells merged into a large but isolated system including three

large echoes detected by airborne radar (fig. 11). Typical mammatus and
some virga were hanging from the anv11 base extendlng east from the areas -

of major act1v1ty

The 1ast flight made around the system (fig. 12) revealed that the anvil
covered such a large area that the whole system looked like a squall line ex-
tending through considerable distances. The cloud region, even-at this stage,
was surrounded by relatively clear areas suggesting that the system under in-
vestigation was rather similar to the square- lookxng cloud appearing on the

"TIROS 1 photograph of May 19 1960,

In v1ew‘of the fact that the system moved over the area of the NSSP net-
work during the evening hours, an organized research of this case will be

‘made by means of mesosynoptic, aerial photogrammetric, and radar analyses.
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The flight track is based on visual fixes at points indicated by open
For the time of each visual fix, the Doppler navigator
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Figure 11.— The development of shadows observed during the second run around the nephsystem. A small
anvil to the north of the main system now merged while growing rapidly. May 24, 1962.
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Figure 12.- The'shédows as .observed during the last flight around the areas of intense activities.
Tornadoes and high winds were in progress near Altus. May 24, 1962.




Table 5. List of photographs taken by Fujita on board DC-6(39C), May 24, 1962.
Frame Principal Frame Principal Frame"’ Principal .
No. Time Line . No. Time Line. No. Time’ Line .
1 120850 due S 25 142647 due N 49 150339 SW
2 121006 due E . 26 143440 due N 50 150425 = SW
3 122344 dueE 27 143520 NE 51 150514 SSW
4 122723 ENE 28 143530 NNE 52 150807 due N
5 123420 NE 29 143541 N - 53 150955 due N
6 124630 “SSW 30 143551 NNW ’ 54 151200 E 10N
7 125215 ENE 31 143728 due N 55 151253 due S
8 125410 Wsw 32 143811 - SSE. 56 . 151400 K]
9 131028 due E 33 143851 S 57 151402 SE
10 131629 ESE 34 143944. . dueS 58 1151404 E
11 132237 E 35 144036 due SSE 59 151645 SE
12 ' 133636 ESE 36 '144655 _dueN 60 151725 due E . -
13 134928 SE 37 144658 due S . 61. . 151850 ESE
14 135615 E 38 145006 due S 62 152125 SE
15 140030 SE 39 145158 due N 63 152300 E .
16 -140155 SE 40 145235 due S , 64 152302 SE
17 140845 due S 41 145336 due S 65 152543 E
18 140941 due N 42 145459 SE 66- 152545 ENE
19 141747 SSW 43 145622 - NNE 67 - 152547 NE
20 141850 due N 44 145648 due S . 68 152930 NE
21 141915 SSW 45 145956 swW 69 153115 E .
22 142155 due N 46 145958 S 70 153145 . due N
23 142437 SSW 47 150141 . NE- 71 153305 SW
24 142615 SSw 48 150251 SE 72 153345 SW
Table 6. List of visual fixes by Fujita on board DC-6(39C), May 24, 1962.
Time Visual Fixes Time Visual Fixes
120705 4 SM E'45 S’ of Oklahoma City VOR 142857 Due N of Brick
120800 Over Oklahoma City VOR 143211  Over Sayre VOR
121242 1/2 SM S of railroad bridge NE of Tuttle 143851 1 SM N of Clinton Sherman AP, 4435 HD SW
121426 3 SM W of Will Rogers AP 144513 1SM S, 7 SM E of Cordell
121657 Over Oklahoma City VOR 145826 2 SM N of Sayre
121823 5 SM W'20 S' of Oklahoma City VOR 151030 Cross North Fork Red R. 8 SM NNW of Shamrock
121943 1 SM E of intersection US 66 and 81, 2 SM SE 151800 Cross river 12 SM due S of McLean; 2440 starts
" of El Reno left bk
122540  Over highway bend 15 SM E of Watonga 152734 Cross Tex 256
122950 Over railroad N of Hitchcock 153510 ~ Over Childress VOR
123100 Cross railroad W of Okeene 153830  Over Lazare
124045 3 SM NE of bridge, 4 SM S of Waynoka 154355 Cross Red River 10 SM ESE of Eldorado
125035  Over highway corner 16 SM S, 2 SM E of Coldwater 154600  Over Altus VOR
125507 Due W of Coldwater 154855  Over Headrick
130207 SW of Ford 155200 5-1/2 SM SE of Roosevelt
130255 2-3 SM W of Ford 155809 4-1/2 SM E of Carnegie, 5900 starts left bk
130517 2-1/4 SM W of Wright 160548 Over Weatherford: 0945 starts left bk
130621 Cross river E'30 S' of Dodge City VOR 161030 6-1/2 SM S of Putnam; left bk ends
130647  Start left bank past VOR 161515 7 SM E of Leedey
130731 Heading W: 0810, HD SW; 0913, HD S 162115 3 SM S of Arnett; 2135 starts left bk
130941  Over Ford County AP 163020  About 4 SM SE of Glazier
131028 Due W of Dodge City 163435  On highway 4 SM S of intersection US 83 and 60
131802 Due W of Fowler 163800 1 SM W of Mobeetie
131839  Cross highway N of Meade 164325 On US 66, 10 SM W of Shamrock
132012 3 SM W of Meade 165520 3-1/2SM E, 2 SM N of Estelline; left bk starts
132450 2SM W, 1 SM N of 2735 ft. tower 165940 Over Childress VOR
132611 Cross Cimarron River 165952 8 SM 5'45 E' of Childress VOR |
132821 On US 64, 5 SM W of Forgan 170420 Cross Tex 283, 2 SM N of Pease R. Bridge
133501 2 SM W of intersection US 83 and Okla. 3 170915 . Cross Pease R. 2-1/2 SM NNW of Vernon
134425 Cross Tex 15 171245 Cross US 183 . ’
134520 1 SM E of Spearman 171328 1 SM S of Frederick AP
135530 1 SM W of Borger AP 171730 1 SM N of Chattanooga
140410 Over Amarillo VOR 172030  Over Lawton VOR
140445  Over St. Francis 173000 1/2 SM NW of Chickasha
140735 5SSM W, 1SM N of Conway 173405 6 SM E of Tuttle .
141850 2 SM N of McLean 173535 2 SM W of Will Rogers AP
142314 3 SM WNW of bridge, 4 SM N of Shamrock 173725 2 SM SSW of Tulakes AP
142345 Due N of Shamrock 175308  On ground Will Rogers AP
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Table 7. Both x and y components of vector difference of Doppler and visual fixes.

Time Ax Ay Time © Ax Ay - Time Ax Ay
(CST)  (Statute  (Statute (CST) (Statute  (Statute (CST) (Statute  (Statute
miles) miles) ‘ . miles) miles) miles) miles)
121945 -0.1 1.0 135530 -9.9 3.9 162215 -16.5 11
122540 -2.8 -0.8 140410 -11.7 4.6 163020 -13.8 5.5
122950 -2.3 -1.8 140445 -10.9 5.0 163435 -16.9 5.1
123100 -1.9 -1.5 140735 -11,7 4.6 163800 - -19.4 6.0
124045 -2.4 -0.2 141805 -12.6 2.0 164325 -19.0 6.6
125055 -2.4 -1.8 142314 -12,7 2,2 165520 -23.9 9.4
124407 -1.8 -1.2 142857 -11.5 2.2 165940 -28.9 8.9
130255 1.1 -3.0 143211 -11.5 2.0 165952 -25.5 2.8
130517 1,1 -2.1 151030 -13.9 2.9 170420 -30.0 0.8
130621 0.5 -1.3 151800 C-14.4 4.2 170915 -30.0 -2.8
- 130941 -1.6 -0.4 183510 ~ -16.5 2.8 171245 -28.9 -1.2
131028 -1.6 -0.3 153830 -21.6 0.2 171328 -28.9 ~1.2
- 131802 -1.8 0.8 154355 -16.4 1.1 171730 -29.5 -0.2
131839 -1.5 1.1 154600 -15.8 0.7 172030 -27.9 -1.8
130212 -1.5 1.1 154855 -17.5 -0.7 173000 -27.7 -6.0
132450 -1.5 2.5 - 155200 -19.6 -2.0
132611 -2,5 1.2 155809 -18.3 -3.0
132821 -3.1 1.0 160548 -15.5 -3.5
133501 -5.8 2.0 1610300 -16.5 -1.3
134520 -8.1 3.3 161515 -16.2 0.0
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4.  CUMULUS STREETS OF MAY 25, 1962.

. This case was flown along the.line connecting Wichita, Kans. and

Little Rock, Ark. Fujita, on board DC-6(39C), took 172 pictures and Ushijima
took 65 pictures from DC-6(40C) (fig. 13). These are listed in tables 8 and
9. Rather frequent visual fixes, as indicated in table 10, were accomplished
by Fujita. Preliminary investigation revealed that the position error of
Doppler fixes increased while flying east, but decreased during the westbound
flight. '

These flights were made for the purpose of constructing a meteorological
cross-section along the line between Wichita and Little Rock. Results of the
preliminary photogrammetric analysis of cloud patterns on both sides of the
flight paths are presented. Photographed along the first flight leg (fig. 14).
between Wichita and Little Rock were extensive areas of cumulus streets which
gave no indication of vertical growth. The author's Photographs Nos. 40 and
103 (fig. 16) were taken from approximately the same location toward northeast
on successive flight legs. ‘When Frame No. 40 was exposed, the plane was over
the eastern portion of the region of the cumulus streets (fig. 14). By the
time Photograph No. 103 was taken, from almost the same spot 1 hr. 45 min.
later, the central region of the cumulus streets had moved in beneath the air-
~craft (fig. 15).

Before the axrcraft .made a turn near Wichita to fly back to Little Rock
a number of towering cumuli were observed (fig. 17). No distinct line of
convection was recognized. However, one of the clouds about 40 miles north-
east of Wichita showed an anvil top with virga hanging down near the convec-
tive tower. It will be of interest to investigate the reason for vertical
growth in this area, since the other areas on both sides of the repeated
flight paths were characterized by streets ‘of flat cumulus to stratocumulus
clouds.

This flight will provide an excellent case for cross-section study along
a fixed line connecting Wichita and Little Rock.



%

MAY 25, 1962 (40C)

1200- 1815,
NSSP FLIGHT “
A i = B — — i

Figure 13.— Flight path of the DC-6(40C), determined by Ushijima,
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Figure 14.— Cloud distribution during the first cross-section flighf between Wichita and Little Rock.
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Figure 16.— Two pictures taken from the same spot during the first and second cross-section flights
about 1 hour and 45 minutes apart. The difference in cloud patterns is a result of the actual
change and the advection of clouds. May 25, 1962.
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Figure 17.~ The.tﬂfrd or 1§st‘éross-section flight at 18,000 ft. from Wichita to near Little Rock. Activities of small cumuli, both

scattered and arranged in streets, ncwldiminishéd. It is partially because of the time of the day and the cirrus overcast which
moved 'in from activities west of Oklahomna City. ‘May 25, 1962. .
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Table 8. List of photographs taken by Fujita on board DC-6(39C), May 25, 1962.

27

Frame Principal Frame _ Principal Frame Principal
“No. -Time Line No. Time Line No. Time . Line
60 140951  SW 120 160058 NE
1 124147 due W.. 61 141032 NE 121 160250 NE
2 124302 SE 62. 141200 swW 122 160255 "N
3 124446 ESE 63 141305 NE 123 160325 due N
4 124650 due W 64 141450 NE 124 160403 NW
5 125320° ESE 65 141631 sw 125 160630 Wsw
6 124900 WSW 66 141820 SSwW 126 160815 - Ssw
7 125358 - SE 67 141853 NNE 127 161005 WsSwW
8 125425 SE 68 141945 NE 128 161130 SSwW
L I .- 69 142135 SW 129 161230 NNE
10 125630 Wsw 70 142410 swW 130 161346 'NNE
1 125830 SE 71 142430 SwW 131 161454 NNE
12 125835 E 72 143130 SwW 132 161531 NNE
13 130115 due E 73 . 143315 133 161805 N
14 130413 ESE 74 143440 N 134 161930 NE
15 130504 ‘due B 75 143650 due E 135 162015 due N
16 130750 ESE 76 143818 due E 136 162100 swW
17 130829 WNW 77 144225 NE 137 162516 NE
18 meeeee ———— 78 144418 due NE 138 162710 NE
19 ~e---- ——— 79 144458  due NE 139 162745 NNW
20 131326 ESE 80 144505 SSwW 140 162950 NNW
21 131610 ESE 81 144705 due SW 141 163055 NNE
22 131646 E 82 1144912 ENE 142 163320 . swW
23 131705 ESE - 83 145134 NE 143 164050 WwWsSwW
24 131832 due S 84 145420 s 144 164116 NE
25 132152 NE 85 145525 SwW 145 - 164736 NE
26 132545 due N 86 145730 due S 146 164735 NE
27 132550 ‘NE 87 145915 due S 147 164847 due SW
28 132650 . ENE 88 150130. NE~ 7148 ' 165005 due W
29 133155 NE 89 150523 NE 149 165230 SwW
30  eeee-- SRRE 90 150900 due S 150 165310 due NE
31 133340 due N 91 150930  SW 151 165857 due SW
32 133404 NE 92 151305 NNE 152 170100 NE -
33 133530 NE 93 151400 NE 153 170245 due S
34 133625 ‘SW . 94 151623 NE 154 170455 due S
35 133814 swW 95 151730 0%h 155 170630 0%h
36 133935 due N 96 152147 due NE 156 170805 ENE
37 134225 NNE 97 152244 . due NE 157 170930 NE
38 134341 due W - 98 152335 dueS 158 171015 SW
39 134404 sw 99 152440 ‘due SW 159 171235 WsSW
40 134630 NE 100 152758 NNE 160 171355 w
41 134815 NE 101 152858 NE 161 171600 NE
42 134902 due W 102 152948 SwW 162 171955 due NNE
43. 134930 swW . 103 153142 due NE 163 172052 due S
44 135030 due SW 104 153452 due SW 164 172345 due NE
45 135125 due SW 105 153915 NE 165 172435 ‘due S
46 135310 swW 106 153954 SW 166 173400 due NE
47 135355 due N 107 154025 - ENE 167 173445 due S
48 135355 NE 108 154340 . NE 168 173650 due S
49 . 135545 NE 109 154414 due SW 169 173945 - NNE
50 135636 NE . 110 155110 NE 170 174120 due S
51 135830 NE 111 155303 NE 171 174752 NNW
52 140000 SW 112 155330 NNE 172 174823 due S
53 140115 SW 113 155423 due S
54 140231 NNE 114 155505 NNE
55 140325 SW 115 155550 due SSW
56 140430 NNE 116 155727 ENE
57 140543 NNE 117 155744 NNE
58 140710 NE 118 155758 NNE
59 140753 SwW 119 155930 NE
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Table 9. List of photographs taken by Ushx]xma on board DC-6(40C), May 25, 1962 *Indicates
the frame which was synchronized with 35.mm. time-lapse shutter.
Frame Principal Frame Principal Frame Principal
No. Time Line No. Time " Line No. Time Line
. 25 142833 NW 50 164502 NNE
1 120602 sw 26 143706 ‘WNW 51 164516 NNE
2 121125 SSW 27 144415 S 52 164538 NNE
3 121955 ESE . 28 144703 w 53 164739 NNE .
* 4 122143 WNW 29 145423 - E 54 164905 NNE
5 122625 w 30 151257 SW 55 165130 NNE
6 123348 Wwsw 31 158434 SSE 56 165243 NNE
7 124108 E 32 - 153054 S * 57 165313, NNE
8 125520 NE 33 . 153947 ‘SW 58 165539 NNE
9 130620 swW 34 154208 SW 59 165855 NNE
10 130910 . SW 35 154938 SW 60 170518 NNE
11. 131322 - SW 36 155100 NE 61 174440 NNE
12 131700 SW 37 155741 ‘N 62 172021 -—
13 131755 ' NE 38 155848 N 63 173235 SSE
14 132615 NNE 39 160400 S 64 173724 SSE
15 133208 - ' 40 160921 S 65 174142 SSE
16 133751 NE ) 41 161743 NE
17 134828 - SW 42 161753 NE
18 135208 SW '43 162535 NwW
* 19 135443 "NE 44 163930 NE
20 135517 NE 45 164013 NNE
21 135841 NE 46 164041 NNE
22 140208 NE 47 164142 NNE
23 140424 NE 48 164312 NNE
4 141832 SSW .49 164442 NNE
Table 10. List of visual fixes by Fujita on board DC-6(39C), May 25, 1962.
Time Visual Fixes " Time Visual Fixes
123740  Cross Red River 6 SM ENE of Tuttle 150810 On railroad 5 SM S of Winslow
124001  Depart Oklahoma City VOR 152100 19 SM W, 1 SM S of Siloam Springs
124855  On highway due W of Crescent 152707  On railroad 3 SM NNE of Pryor
125450 4 SM W of Covington . 153018  On Lighway 3 SM SW of Chelsea
125718 3 SM W, 1 SM N of Garber 153325  On railroad 5-1/2 SM S of Nowata
130020 1/4 SM W of railroad bridge, 3-1/2 SM SSW of 153620  On highway US 60 10-1/2 SM W of Nowata
’ Lamont 155018 2SMS of Cambrldge
131100 3 SMN, 5 SM W of Wellington 160214  Wichita VOR
131258.. 6 SM W of railroad bridge, 5 SM N of Riverdale 160535 Cross railroad 2 SM E of Cuﬂen l’laln
131706  Overx Wichita VOR 160715  Cross railroad 6 SM NE of Viola
131832 On highway 17 SM S of Newton 161035 - 2-1/2 SM N of Mulvane
132205 6 SM E of McConnell AP . 161725 2SMW, 1SM S of Cambrldge
132925  On highway bend 12 SM E of Winfield 162605 1 SM SW of Hulah Res. dam
133250 2SM W, 2 SM S of Cedar Vale 163145  On railroad 5+1/2 SM N of Nowata
133737 On highway 12 SM S of Chautauqua 163700 1SM S, 2 SM W of Vinita _ :
134002  Over Bartlesville VOR | ‘164000 1 SM E of Lake of the Cherokees dam
134455  On highway 4 SM SSW of Nowata 164700 On highway 3 SM SW of Siloam Sprlnga
134755  Cross railroad 2 SM SW of Chelsea 165030 2 SM N of Prairie Grove
135230 Cross-Neosho River 11 SM § of Pensacola 171235 2SMN, 1 SM E of Morrilton
140615 1 SM E of highway, 5 SM S of Winslow 3 171355 2'SM S of Perry )
140855  Cross river 10 SM NE of Mulberry 171836 8 SM S, 8 SM E of Dardanelle
141420 1SM E, 2 SM N of Scranton 172600 6SME, 6-1/2SM S of Paris
-141853  Cross Arkansas River 1 SM SE of Dardaneﬂe 172725 Due Sof Parls . .
142535 13 SM due W of Mayflower 173255 5-1/2SM W, 4-1/2SM N of Clurlesmn
143236 _ Little Rock VOR ) 173446  Fort Smidi VOR
143725 5 SM W' 30 S' Little Rock VOR 173600 2 SM S of Van Buren ‘
+ 143900 3 SM due W of downtown Little Rock 174203  On highway 2-1/2 SM S of Sallisaw
'144155. 4 SM W, 6 SM S of Mayflower 174942 Cross railroad 2-1/2 SM SE of Warner
145230 1 SM SE of Dardanelle 183000 ,Wﬂl Rogers Field : :
145830 3 SMN, 1SM E of Scranton ’
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